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[57] ABSTRACT

Organic foams having a low density and very small cell
size and method for producing same in either a metal-
loaded or unloaded (nonmetal loaded) form are de-
scribed. Metal-doped foams are produced by soaking a
polymer gel in an aqueous solution of desired metal salt,
soaking the gel successively in a solvent series of de-
creasing polarity to remove water from the gel and
replace it with a solvent of lower polarity with each
successive solvent in the series being miscible with the
solvents on each side and being saturated with the de-
sired metal salt, and removing the last of the solvents
from the gel to produce the desired metal-doped foam
having desired density cell size, and metal loading. The
unloaded or metal-doped foams can be utilized in a
variety of applications requiring low density, small cell
size foam. For example, rubidium-doped foam made in
accordance with the invention has utility in special
applications, such as in x-ray lasers.

17 Claims, No Drawings
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A st111 further ob_]ect of the invention is to provide a

: methed of fabncatlng a -metal-doped foam having a

L "-‘;..:.'._.f_den51ty of 0.05 to 0.4 gm/cm3, a cell size of 2 to 10

| _3'mlcrometers, and a metal loading of about 0.001 up to

BACKGROUND OF THE INVENTION

The invention descrlbed herein was made at the Law-

- rence Livermore Laboratory in the course of, or under . -

~ Contract No. W-7405-ENG-48 between the University

~ of California and the United States Department of En- |
S ergy.

| IQ"_".methed for producing a metal-doped foam wherein a

| about 1.0 gm of selected metal salt per cm3 of foam.

Another object of- the invention is to provide a

-method for producing a low density microcellular
foam, either metal—doped or unloaded.

‘Another object of the invention is to provide a

~The mventlon.telatesto a method of fabrlcatmg lolw-f polymer gel capable of producing a foam of selected
N - density and cell size is soaked with an aqueous solution
. density microcellular foams, and more parttcularly to_

o . metal- doped low density microcellular foams.

Various types of foams are known in the art. Foams_._'i“s -

~ such as pelystyrene, polyurethane, polyethylene, etc., the desired metal salt; miscible with the preceding sol-

“can be obtained in low densities between 0.01-0. 1>< 103-.. .

' - of the desired metal salt removmg water from the metal
. salt soaked gel by a series of successive solvent soaking

operations, each solvent in series being saturated with

-~ vent, and having a lower polarity; and thereafter re-

~ kg/m3, but with a cell size of the range fmm 25“200 pm; ';':,.--movmg the solvent fmm the gel to produce the desired

Also, foams have been reported in the published litera- .
. ture that have cell sizes of a few micrometers, but have

_“oped having a cell size of not greater than 2 um and a -
‘density of 0.065-0.6 103 kg/m3 for encapsulation. of

No. 4—012 265 to J. ’A. Rinde, lssued Mar. 15, 1977
SUMMARY OF THE INVENTION

The present 1nventlon is directed to the preductlon of

i .-._metal doped foam.
~ high densities. More recently foams have' been devel-

Other objects of the invention will become readily

-'apparent to those skllled in the art from the following

descrlptmn

DETAILED DESCRIPTION OF THE
| (INVENTION

The present mventlon 1s directed to a method for

" "preducmg metal—deped and non-metal-doped organic

shaped low density, microcellular organic foams, either

- metal-doped or non-metal-doped (unloaded). The-_
shaped metal-doped foam fills the requirement for spe-

- cial applications, such as x-ray lasers, for example, 10 micrometers, while the metal-doped foams tested

wherein the foam must have a density of 0.025 to 04 | addltlonally have a uniform metal distribution through-

gm/cm?, a cell size of 2-10 micrometers (um), and a' -

~metal Joading from about 0.001 up to about 1.0 gm of

35

metal salt per cm?® of foam. The method of the inven- .

tion for producing the shaped metal-doped foams'is
carried out by soaking a shaped polymer gel havmg the

desired density and cell size characteristics in an aque- 40

ous solution of the desired metal salt, successwely
soaking the thus soaked gel in a solvent series of

decreasing polarity to remove water from the gel and
replacing it with a solvent of lower polarity, each

gel by freezing and then vacuum freeze-drying to
produce the desired metal-dOped foam. For example, a
polymer gel is soaked in an aqueous solution of rubi-

dium fluoride (RbF) and thereafter soaked in a series of

solvents composed of: rubidium fluoride saturated;

- foams. As pointed out above, a need exists for metal-

3o doped foams having both low density and very small
~ cell size. The foams of the invention have a density of

~..about 0.05 to 0.4 gm/cm3 and a cell size of less than 1 to

“out the foam of up to 0.20 gm of metal per cm3 of foam.
‘Under certain conditions, metal distribution may be as

-hlgh as 1.0 gm/cm3 of metal to foam.
- While the following specific description of the

method is directed to producing a specific type of foam

and to producing cylinders or rods of rubldlum-deped

foams, to set forth an example for carrying out the
‘invention, it is not limited to this specific foam or con-

| .-figuratmn thereof, or to the specific materials, solvents,

: it 4 SUIW ‘ ' vavl - or parameters set forth in the described example. The
solvent in series being saturated with the de31red-metal B
salt and miscible with the adjacent solvents used in the 43
-series, and removing the last of the solvents from the

invention  is .applicable to foams Incorporating other

water-soluble metal salts, such as sodium chloride

~ (NaCl) and potassium chloride (KCl). Also, the poly-

mer gel, prior to soaking same in an aqueous solution of

- the metal salt, may also be made by the process de-

30

scribed and claimed in U.S. Pat. No. 4,118,449 issued

Oct. 3, 1978 in the name of J. A. Rinde, utilizing cellu-

- lose acetate (CA), as well as by the method described

methanol, acetone, and benzene, whereafter the ben-- !

zene was removed from the gel by freezing the gel in
pentane and the residual benzene was removed by
sublimation in a vacuum freeze-dryer, which yielded a

rubidium-doped foam having the desired density, cell
size, and metal loading. X-ray measurements of metal-
doped foam of the invention have shown a uniform
continuous distribution of the metal throughout the
foam. The invention also encompasses a method for
producing an unloaded foam which can be formed
from a selected polymer solution and processed similar-
ly to the metal-doped foam process except for the
impregnation of the metal salt. |

Therefore, it is an object of this invention to provide
a method of fabrleatlng a low-densny, microcellular
foam.
A further object of the mventlon is' to provide a
method of fabrlcatmg a metal-doped feam of selected
depsity, cell size, and metal loading.
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hereinafter for producing the gel using the polymer

- polyacrylonitrile (PAN) having the composition

(CsH3N),. It has been found by tests that for the pro-
duction of metal-doped, low density, microcellular
foams, the foams produced from PAN have a higher
strength than the CA foams. Also, for applications uti-
lizing larger cylindrical foam configurations, the PAN
foams are preferred over the CA foams, the PAN foams

producing, for example, uniform cylinders 0.5 to 3.0

mm in diameter and in any length practical to handle.

The PAN foam can also be produced with larger
radial cells (up to 50u) that give added stiffness. The
limiting factors of the foam for producing cylindrical
configurations, for example, are (1) density of the foam
without the water-soluble metal salt, (2) size of small
uniform cells, (3) water-soluble metal salt density and
uniform distribution, and (4) uniformity, straightness,
and strength of the metal salt-loaded cylinders. How-
ever, the metal-doped foams made in accordance with
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the invention may be formed, molded, or extruded into
various configuration, although the following descrip-
tion 1s directed to cylindrically configured foams.

The cell formation process by which the polymer
solution is transformed into a polymer gel with a fixed
cell structure is through solidification by spinoidal de-

composition or by nucleation and growth. In spinoidal

decomposition a polymer in solution solidifies to form
an interpenetrating network—a gel. This may occur
either in solution when long-chain molecules associate

to form entanglement networks or when the solvent 1s
evaporated to cause supersaturation (i.e., the equilbrium
polymer-rich phase grows into the solvent phase). Be-
cause spinoidal decomposition occurs with diffuse
boundaries (surfaces are not made) interpenetrating
networks are foamed.

In case where there is not enough supersaturation to
cause phase separation, solidification may occur by
nucleation and growth. The nuclei are supplied by the
polymer-rich portion of the interpenetrating network.
Growth takes place to form columnar structures and

continues until the growth rate of the column exceeds
the diffusion rate of the solvent. After a critical colum-

nar length is reached, the growth rate decreases until
the solvent diffusion rate reaches a high enough value to
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reinitiate the growth. However, because more time is

required for the solvent to reach the new layer of poly-
mer, the columns become longer and wider.

The above briefly described general processes have
been observed in the formation of both CA and PAN
foams. Spinodial decomposition yields foams with uni-
form micrometer-sized cells; nucleation and growth

yields foams with columnar cells. Either mechanism of

polymer solidification can be selected by adjusting the
solvent system and the temperature of solidification.

The process for making metal salt-loaded PAN cylin-
drical foams 1n accordance with the present invention
consists of five basic steps:

(1) Preparation of the PAN solution.

(2) Molding or extrusion of a polymer gel rod.

(3) Soaking the gel rods in water-soluble metal salt
solutions.

(4) Solvent transfer to remove water.

(5) Freeze drying.

Each step i1s discussed hereinbelow under separate
headings.

(STEP 1) CA SOLUTION PREPARATION

As pointed out above, the metal-doped foams can be
made from cellulose acetate (CA) gels produced in the

manner described m above-referenced U.S. Pat. No.

4,118,449, However, it 1s understood that only the pro-
cess steps through the water bath to diffuse out of the
gel the solvents and swelling agents as described in U.S.
Pat. No. 4,118,449 are utilized in the present process.
The polymer gel thus formed 1is then utilized as in steps
3-5 above, provided that a solvent other than acetone
be used 1n the transfer step since CA dissolves in ace-

tone. The transfer step could also omit the use of ace-
tone.

(STEP 1) PAN SOLUTION PREPARATION

For uniform, isotropic, micrometer-sized cells, the
polymer solution must be close to precipitation. That is,
the polymer must be dissolved in a solvent or solvent
mixture that barely dissolves the polymer. When this
solution i1s extruded into a nonsolvent, the polymer
phases out of solution rapidly (spinoidal decomposition)
and forms small, uniform, open cells. If the solvent used
to prepare the polymer solution is too good (i.e., readily
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dissolves the polymer), columnar cells form by nucle-
ation and growth. Operational sequences for making
two different PAN solutions are set forth.

EXAMPLE I

Polyacrylonitrile (C3H3N), (PAN) i1s dissolved in
N,N-dimethylacetamide (DMA) to give a 2 to 5 wt.%

polymer solution. The foam formed from this solution
had a columnar cell structure, being formed by nucle-

ation and growth, an example being density of 0.06
g/cm?,

EXAMPLE 11

PAN i1s dissolved in DMA to give a 3 wt.% polymer
solution to which was added about 5 to 10% acetone.
The addition of the acetone, a nonsolvent for PAN,
reduces the solvent power of the DMA and changes the
polymer solidification process from nucleation and
growth, as in Example I, to spinoidal decomposition.
The foam formed from this solution had very small

diameter isotropic cells, density of 0.065 g/cm?3, for
example.

Several variables can be adjusted to vary the foam
cell size; the addition of acetone appears to be the most
effective, although the temperature of the water bath
during the extruding or molding step also affects the
foam cell size. |

In verification tests conducted, it was found that a 3
to 3.5 wt.% solution of PAN 1in DMA /acetone yields
foams with densities of 0.05 to 0.06 g/cm?3, and foam cell
sizes of less than 10 um, generally 2-4 um. Solutions of
2 wt.% PAN were too low in viscosity to extrude well.
Solutions of 4 and 5 wt.% PAN were too viscous, mak-
ing it difficult to prepare uniform solutions. Although
solutions using 2 to 5 wt.% PAN can be utilized, de-
pending on the processing thereafter. At the higher
PAN concentrations, dimethylformamide 1s a better

solvent than DMA because it yields less viscous solu-
tions.

To prepare a 3 wt.% solution of PAN in DMA /ace-
tone (Example II above), the following procedure was
used. The polymer is dissolved in the DMA, with stir-
ring, by heating the solution to 90° C. 1n a closed con-
tainer (no arr). Overheating resulted in polymer decom-
position (evidenced by a brown solution) with a much
lower viscosity. The solution is cooled to room temper-
ature and the acetone is added slowly with stirring until
the solution clouds and then clears with further stirring.

(STEP 2) MOLDING OR EXTRUSION OF
POLYMER GEL CYLINDERS

Polymer gel cylinders were formed by both molding
and extruding techniques described as follows:

The molding technique consists of filling a container,
such as a glass tube (5 to 12 cm in length and 1 to 3 mm
1.d.), with the polymer solution and sealing the open end
with a plug of semi-permeable material, such as silicone
rubber. The sealed container was immersed (preferably
horizontally) in a water bath, such as a 50% methanol/-
water solution at room temperature for sufficient time
to allow the methanol/water solution to diffuse through
the semi-permeable plug into the polymer solution in
the tube. By diffusion, water forces the polymer out of
solution and a gelular cylinder is formed, this being by
“phase separation” from the DMA solvent. It was
found that the DMA had to be completely soluble in the
methanol/water solution, otherwise the resulting foam
had nonuniform cell size of larger than the desired di-
mensions. The polymer gel was then removed from the
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tube or container and soaked in pure water for several
hours (0.5 to 3.0 hrs) depending upon thickness to re-
move residual solvents. This process has two draw-
backs: (1) the diffusion time is long (several days to
about 3 weeks) for complete separation, and (2) the gel
diameter generally is irregular and thus only short
pieces (3.0 to 6.0 cm) of uniform-diameter gel were
obtained. |

The extrusion technique for making the gel cylinders,
involved several variations, including vertical and hori-
- zontal extrusion, different nonsolvents in the bath (gen-
erally water or methanol/water), different temperatures
of tiie nonsolvent, and density’ gradients in the nonsol-
vent when extrusion is done in a vertical position which
prevents excessive diametral necking of the gel rod
caused by gravity pulling on the emerging polymer
solution.

For vertical extrusion techniques, for example, the
polymer solution is extruded from a coatainer by grav-
ity feeddown through a 3 mm. i.d. glass tube into an
18-24 inch high column of methanol/water that has a
density gradient of 0.935 gm/cm? at the top of the col-
umn to 1.000 gm/cm3 at the bottom. In the preferred
method, extrusion is carried out with the extrusion ori-
fice in a horizontal position. The polymer solution is
forced from the orifice under constant pressure into an
0° to 55° C. water bath or into a methanol/water bath at
a temperature of 0° to 50° C. and a density of approxi-
mately 0.94 g/cm3. The apparatus and extrusion proce-
dures are described in detail in report UCID-18007
entitled “Low-Density, Salt-Loaded Forms” by J. A.
Rinde bearing the date of Jan. 10, 1979. Basically, the
apparatus utilized in the tests consisted of a container or
iray containing a nonsolvent bath, a separating funnel
fitted with a tapered stopper and provided with a glass
orifice, with a syringe pump supplying air at a constant
pressure to the polymer solution contained in the funnel
to produce a constraint driving force to expel the poly-
mer solution from the orifice at a rate of 4 to 8 cm3/min
into the nonsolvent bath. As the polymer solution ex-
trudes into the nonsolvent bath, it must be guided to
form a straight cylinder and must be kept below the
surface of the nonsolvent liquid surface. Because of
surface tension effects, a small amount of of soap (a few
drops of liquid, less than 0.5 ml) is added to the nonsol-
vent. Gel cylhinders or rods of uniform diameter and
lengths of 10-20 cm were extruded, although longer
length could be produced, depending on the length of
the nonsolvent bath. The cylinders are merely cut to the
desired length while in the bath. The freshly extruded
rods or cylinders float for 1 to 3 min. before sinking to
the bottom of the bath and are allowed to soak in the
nonsolvent for 0.5 to 2.0 hrs. to complete the polymer
separation and to allow the solvent molecules to diffuse
out. The soaking time is dependent on the diameter of
the cylinder, the composition of the bath and the sol-
vent used. The temperature of the bath (water or me-
thanol/water) into which the polymer solution is ex-
truded also affects the foam cell size. The thus produced
cylinders or rods of polymer gel are then transferred to
pure water for additional soaking for a time period of
0.5 to 4.0 hrs. Finally, the cylinders or rods are pro-
cessed to remove the water and then frozen and freeze-
dried to produce unloaded foams or processed as de-
scribed in steps 3-5 below to produce metal salt-loaded
foams.
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(STEP 3) SOAKING GEL RODS IN
WATER-SOLUBLE METAL SOLUTIONS

To impregnate the polymer gel cylinders or rods (CA
or PAN) with water-soluble metal salt solutions, the
rods are soaked in a solution of the desired metal salt
(1.€., RbF, NaCl, KCI, etc.). Utilizing RbF, for example,
the rods are soaked in an aqueous solution to RbF at a
concentration of 0.03 to 0.2 g/cm? for a time period of
2 to 24 hours. Tests have been shown that using PAN
gel rods in solutions of 0.05 g/cm3 RbF yield RbF densi-
ties of 0.05 g/cm3 in the final foam where salt is not lost
in the solvent transfer step (Step 4) and if shrinkage is
minor.

(STEP 4) SOLVENT TRANSFER TO REMOVE
WATER

After the polymer gel rod or cylinder is impregnated
with the water-soluble metal salt, such as RbF, it must
be freeze-dried to produce a metal loaded low-density
foam. If the gel rod is removed from the metal salt
solution and directly frozen and freeze-dried, a high
density, shrunken, and distorted rod is obtained. For
example, using a PAN gel rod impregnated with RbF, a
density of >0.2 g/cm?3 is produced in the rod. To pro-
duce a uniform, low-density foam (density of 0.05 to 0.2
g/cm?3), the water in the polymer gel (a polar liquid)
must be replaced by a nonpolar liquid before freezing
and freeze-drying. To best accomplish this the rod is
soaked in a series of solvents of decreasing polarity,
with each solvent being miscible with the adjacent sol-
vents i the series and saturated with the desired metal
salt to prevent loss of the metal salt loading. The sol-
vents used to remove the water is dependent of the type
of polymer used to prepare the gel and the metal salt
being loaded therein. For example, with an RbF 1im-
pregnated PAN rod, prepared as described above in
steps 1-3, the rod is first soaked in pure methanol (satu-
rated with RbF) for a time period of 10 min. to 2 hrs.,
depending on the diameter of the rod, to replace the
water with methanol without leaching RbF from the
gel. Then in similar manner, the methanol is replaced
with acetone (saturated with RbF) by soaking the rod
for a similar time period, and thereafter the acetone is
removed by soaking the rod in benzene (saturated with
RbDF) for a similar time period. (With CA gels, acetone
must not be used, use another solvent or go from metha-
nol directly to benzene.) Each of these solvents in the
series 1s less polar than the previous one and is miscible
with the solvents on either side. Also, the solvents must
be saturated with the metal salt before the solvent trans-
fer 1s begun. While the solubility of RbF, for example, in
these pure solvents is low, it is significantly higher when
water is present. This is the case, particularly when the
gel rod 1s transferred from the RbF/water solution into
the methanol.

The above solvent transfer process may be utilized to
remove the water from the PAN gel without saturation
of the solvents with the metal salt in applications for the
foam without metal salt loading.

(STEP 5) FREEZE-DRYING

The gel cylinders or rods, processed as above de-
scribed in Step 4 are frozen and freeze-dried to produce
the foam rods. Several methods of solvent removal
other than freeze-drying have been attempted (e.g.,
alr-drying), but all causes excessive shrinkage. In the
preferred technique, the gel rods, either unloaded or
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loaded with metal salt, are removed from the benzene,
sr other low polar solvent used in step 4, and placed in
- -shaped blocks to maintain straightness, and covered
with a porous metal plate to prevent vertical distortion.
The gel rod in the V-shaped block is then placed in a
bath of hexanes, pentane for example, at —30° to —70°
C. (benzene freezes at +5° C.) for a few minutes (1.0 to
3.0 min) and then transferred to a vacuum ireeze-dry
chamber for 4 to 10 hours to compiete the freeze-dry-
mmg, with pressures of 5 to 60 um Hg being used in the
chamber. Residual benzene is removed from the frozen
gel by sublimation 1n the vacuum i{reeze-dryer to yield
the desired unioaded or metal salt-loaded foam. Above
referenced report  UCID-18007 illustrated = various
foams produced by the polymer gels when processed as
described above in steps 1-35.

UNLOADED PAN FOAMS

Utilizing the above-described foam fabrication pro-
cess, but eliminating step 3 (soaking the polymer gel in
metal salt solutions) and without metal salt saturation of
the solvents in step 4, foams of PAN were prepared
with densities ranging from 0.05 to 0.4 g/cm?3, although
most of the foams had densities of 0.05 t0 0.1 g/cm3 only
because this was the range of greater interest. Extruded
foam cylinders or rods had diameters from 1 to 3.0 mm
and molded foam rods had diameters from 0.5 to 2.2
mm. However, these diameters represent the range of
foams produced, not the limits of the fabrication tech-
nigues. Also, the fabrication process, as pointed out
above, 1s not limited to producing cylindrical shapes
oniy, but the foam can be formed, molded, or extruded
to a variety of configurations, such as thin sheets and
square. or rectangle cross-section members. Photomi-
crographs at magnifications of 65 to 10,000X have been
made to verify the foam structure, examples being illus-
trated 1n above-cited report UCID-18007. It was clearly
established that the wuse of different materials
(PAN/DMA and PAN/DMA /acetone, for example) in
producing the polymer solution and/or the composition
of the bath (water and methane/water, for example)
produced different density and cell structure. Also, as
noted above, the temperature of the water bath or me-
thanol/water bath into which the polymer solution was
inserted also affected the foam cell size.

METAL-DOPED PAN FOAMS

Utilizing the method described above, PAN foams
with densities of 0.05 to 0.4 gm/cm? were loaded with
0.001 up to 0.20 g/cm3 of water-soluble metals, exempli-
fied by RbF which was of greatest interest. However,
the metal loading may be up to about 1.0 gm/cm3. The
main concern in metal-doped foams are the metal salt
concentration, the uniformity of its distribution, and the
physical properties of the loaded foam (density and cell
size). In tests conducted on RbF-doped foams, the con-
centration of RbF in the foam ranged from 8.4 to 81.5
wt.%; the actual RbF concentrations being confirmed
by analytical chemistry, while distribution of RbF
within the foam was determined by energy dispersive
Xx-ray analysis.

Tests conducted on the PAN foams produced by the
above-described method established that foams of a
density of 0.05 g/cm?, for example are soft, but difficult
to handle, while strength increased rapidly with an
increase in foam density. Also, it was found that the
strength of foam with columnar cells is higher than that
of foam with small isotropic cells. Also, it was found
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that RbF loaded foams became sticky and difficult to
handle when exposed to ambient air for a period of time
because RbF is deliquescent (i.e., it absorbs moisture on
exposure to ambient air), and thus these forms need to
be contained in a protective environment. For example,
moisture absorption for foams containing 0.1 g/cm?
RbF range from 10 to 20%.

As pointed out above, other water-soluble salts may
be utilized in place of RbF, such as NaCl and K Cl. The
above-described process would be essentially the same
utilizing either NaCl and K, with the solvent transfer
of Step 4 using, for example, methanol, acetone, and
benzene, each saturated with the desired salt, as the
decreaseing polarity solvents to remove the water from
the gel. )

It has thus been shown that the present invention
provides a metal-doped, low density microcellular foam
and method of fabricating same while providing a
method for producing a nonmetal-doped foam during
the process by elimination of one step in the process and
modification of the materials utilized therein. Thus, the
invention provides a foam having a density of 0.05 to 0.4
gm/cm> and a cell size of 2-10 um, and providing the
low-density microceliular foam with metal loading
from about 0.001 up to about 1.0 gm of metal salt per
cm3 of foam.

While particular embodiments, materials, and param-
eters have been set forth to describe the invention, mod-
ifications will become apparent to those skilled in the
art, and it ts intended to cover in the appended claims 2all
such modifications as come within the spirit and scope
of the invention. | |

What I claim 1s:

i. A method for producing shaped metal-doped
foams having a foam density of 0.05 to 0.4 gm/cm’, a
foam cell size of 2 to 10 micrometers and a metal load-
ing of up to about 1.0 gm of metal salt per cm? of foam,
comprising the steps of: soaking a shaped polymer gel
produced from a polymer solution 1n an agueous solu-
tion of water-soluble metal salt, the metal sal{ being
selected from the group consisting of RbF, Na{l, and
KCl, removing the water from the thus soaked gel by
soaking the gel successively in a solvent series of de-
creasing polarity with each solvent in the series being
saturated with the metal salt and miscible with the pre-
ceding solvent, the solvent series consisting oi metha-
nol, acetone and benzene, and removing the last of the
solvents from the gel to produce the shaped metal-
doped foam.

2. The method defined in claim 1, wherein the step of
removing the last of the solvents from the gel is carried
out by freezing the solvent soaked gel, and removing
the residual solvent from the frozen gel by sublimation
1n a vacuum freeze-dryer.

3. The method defined in claim i, wherein the aque-
ous solution 1s composed of rubidium fluoride at a con-
centration of 0.03 to about 1.0 gm RbF per cm? of solu-
tion.

4. The method defined in claim 3, wherein the step of
removing the water {rom the gel was carried out by
soaking the gel in pure methanol, saturated with RbF,
to replace the water with methanol without leaching
Rb¥ from the gel; soaking the gel in acetone, saturated
with RbF, to replace the methanol with acetone with-
out leaching RbF from the gel; and then soaking the gel
in benzene, saturated with RbF, to replace the acetone
with benzene without leaching RbF from the gel.
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removing the benzene from the gel is carried out by

freezing the gel in a hexane, and freeze-drying to re-
move re31dual benzene from the frozen gel by sublima-
tion.

6. The method deﬁned in claim 3, wherein the poly-
‘mer gel is soaked in the aqueous solution of rubidium
fluoride for a time period of about 2 to 24 hours,
wherein the gel is soaked in methanol for about 10 min-
utes to 2 hours, soaked in acetone for about 10 minutes
to 2 hours, and soaked in benzene for about 10 minutes

to 2 hours, and wherein the gel is frozen in pentane at
- about —50° C.

10 .
a liquid bath selected from the group consisting of
water and methanol/water, soaking the thus extruded

solution in the bath to cause formation of the polymer

‘gel, and then soaking the thus formed gel in pure water.

12. The method defined in claim 8, wherein the liquid
bath is selected from 0° to 55° C. water and methanol/-
water having a density of about 0.94 g/cm’.

13. The method defined in claim 8, wherein the step

~ of extruding the polymer solution is carried out by

10

7. The method defined in clalm 1, additionally includ-

ing a step of producing the shaped polymer gel.
8. The method defined in claim 7, wherein the step of

producing the shaped polymer gel is carried out by

dissolving polyacrylonitrile in a solvent selected from

the group consisting of dimethylformamide, N,N-dime-

thylacetamide, and other PAN solvents to give a poly-
mer solution having 2 to 5 wt.% polyacrylonitrile, plac-
ing the polymer solution in a container, sealing the
container with a plug of seml-permeable material, im-
mersing the sealed container in a 50% methanol/water
solution for a time period sufficient to allow the me-
thanol/water to diffuse through the plug into the poly-
mer solution forming a polymer gel within the con-

15

containing the polymer solution under a constant pres-
sure and extruding the solution from the container
through an orifice into the liquid bath.

14. The method defined in claim 13, wherein the
solution is extruded through the orifice into the bath in
a horizontal direction. -

15. The method defined in claim 14, wherein the
polymer solution is extruded so as to form a cylindrical
polymer gel member, and additionally including the

- step of penodlcally cutting the cylindrical polymer gel
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~ tainer, removing the thus formed polymer gel from the

container, and removing residual solvents from the
polymer gel by soaking in pure water.

9. The method defined in claim 8, additionally includ-
ing a step of forming the semi-permeable plug of sili-
cone rubber and wherein the time period for removing
the residual solvents is about 0.5 to 4.0 hrs.

10. The method defined in claim 7, wherein the step
of producing the shaped polymer gel includes the step
of preparing a polymer solution by dissolving poly-

30
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acrylonitrile in a solvent selected from the group con-

sisting of N,N-dimethylacetamide, dimethylformamide,
and a mixture of N N-dimethylacetamide and about 5 to
10% acetone, to give the solution a 2 to 3 wt % poly-
acrylonitrile.

11. The method defined in claim 10 whereln the step

of producing the shaped polymer gel also includes the

steps of extruding the thus formed polymer solution into

45
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member as it is extruded into the bath to form rods of
selected lengths.

16. A method for forming a shaped foam having a
density in the rar.ge of 0.05 to 0.4 gm/cm? and a cell size
in the range of 2 to 10 um comprising the step of: pro-
ducing a polymer solution by dissolving polyacryloni-
trile in a solvent selected from the group consisting of
N,N-dimethylacetamide, dimethyl-formamide, and a
mixture of N,N-dimethylacetamide and acetone; ex-

tending the polymer solution into a liquid bath selected

from the group consmtmg of water and methanol/wa-
ter: and soaking same in the liquid bath to allow for the
formation of a shaped polymer gel, and then soaking the
gel in pure water; removmg the water from the thus
formed gel by soaking in a series of solvents each hav-
mg a lesser polarity than the prevmus and each miscible
in the adjacent solvents, the series of solvents consisting -
of methanol, acetone and benzene; freezing the thus
solvent soaked gel; and vacuum freeze-drying the fro-
zen gel to remove solvent residue, thereby forming a

shaped low-density, a microcellular foam.

17. The method defined in claim 16, wherein the step
of extending the polymer solution into the liquid bath 1s
carried out by extrusion of the solution under pressure

through an orifice into the bath.
* * ¥ . x
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